I consider each of the major concerns of the first reviewer (#1 to #4) quite reasonable. I believe that you can address this reviewer's more minor comments with appropriate textual changes. Textual modifications may help, depending upon the data that you are able to acquire, to address this reviewer's #1. I do not think simply changing the text as mentioned under this point of the first reviewer would be sufficient, though. We need to know about stable microtubule populations. Concerning the second reviewer's issues, re #1, it seems especially important that you create and explain convincing criteria for the binning of plus vs. minus ends. #2 seems self-explanatory and I assume that you can do this. #3 clearly needs clarification on your part. Is there some reason that you cannot create mosaics? This would clearly strengthen your story. I hope and assume that you will address this reviewer's recommendations on your discussion in a way that this reviewer finds acceptable. The major issue for the third reviewer is more definitive, ideally using a different approach, to support the argument that EB1 movements that are slow are indeed tracking minus microtubule ends. I do not think that this reviewer will be satisfied by a revision that does not address convincingly this concern. The other issues raised by this reviewer seem reasonable to me, but they are overall either related to his/her concern about what you are actually measuring or are generally intended to be helpful. Overall, I was quite impressed by both the quality of comment and care with which each of these reviewers evaluated your manuscript. While I realize that addressing their concerns carefully will require significant effort, I am impressed by each of the reviewer's efforts to be helpful. Each is trying to help you make your manuscript's conclusions and impact as strong as possible.
To summarize, this is a manuscript that after revision the JCB would welcome. The manuscript will clearly be returned to each of these reviewers, however, so I would strongly urge that you take the time you need to address these experimental concerns as convincingly as possible as well as also making appropriate textual revisions ensuring especially that all relevant literature is appropriately cited. If you need more than our 3 -month standard time for submission of a revision, just let us know. This is an interesting paper, which represents the first study that suggests that microtubule minus end growth contributes to the generation of microtubule mass in a specific cellular compartment. Previous work has shown that the members of CAMSAP/Patronin family decorate and stabilize growing microtubule minus ends and also slow down microtubule minus end polymerization. In the current study, the authors document the presence of growing microtubule minus ends in fly and zebrafish neurons and demonstrate the importance of fly Patronin for microtubule minus-end-out organization in the dendrites of fly neurons. The study represents a nice addition to the field and, in principle, it would be suited for publication in the Journal of Cell Biology if some major concerns about the data and their description and some minor concerns about literature references were addressed.
Major concerns: 1) The whole paper is written as if every single microtubule in a fly neuron is labeled with EB1 from both ends. The existence of stable microtubule populations, which will be completely invisible with the EB1 marker, is not even discussed. However, it is well known that neurons also contain stable microtubule populations, and that the orientation of stable and dynamic microtubules in dendrites can be different (see, for example, Yau et al, J Neurosci 2016 , Tas et al, Neuron 2017 -note that the second study, which is highly relevant to the topic of the paper, is not cited). The least that the authors should do is determine microtubule density in neurons with diminished Patronin expression. In the absence of the data on total microtubules, it is not possible to make any strong conclusions about the effect of Patronin loss on neuronal microtubule organization, and this omission must be rectified. Such data will also greatly help to understand the origin of neuronal stress in Patronin mutants. Furthermore, if the authors cannot obtain any data on the orientation of stable microtubules in the neurons they study, they should meticulously re-write their whole text, sentence by sentence, stating that all their results and conclusions apply only to the growing microtubules, and they have no data on the orientation of stable microtubules and the effects of Patronin on such microtubules.
2) The expression of endogenous Patronin should be directly determined in the different mutants used to validate the conclusions about various phenotypes associated with changes in Patronin levels. Characterization of the mutants used and their effect on the protein of interest is the essential cornerstone of any cell/developmental biology project from the outset. Such data are particularly important because the authors propose that they are using hypomorphic mutants and state that Patronin levels normally limit minus-end-out microtubules. The authors should also determine how the levels of fluorescently tagged Patronin in their transgenic lines relate to the level of endogenous Patronin. Since the authors repeatedly emphasize that Patronin levels are critical for controlling microtubule organization in neurons, these levels should be quantified to compare the wild type situation with the transgenic lines and mutants used. 3) A key question is whether Patronin-controlled polymerization of microtubule minus ends indeed helps to generate microtubule mass in some parts of dendrites, as the title of the paper suggests. Can the authors exclude that Patronin function is actually to inhibit minus-end depolymerization by stabilizing minus ends and that slow minus-end growth is a by-product of this process, but the actual microtubule mass is generated mostly by the growth of plus ends? If the authors cannot convincingly exclude this possibility, the title and the writing of the paper need to be altered. 4) On page 8, the authors conclude that Patronin tracks microtubule minus ends independently of EB1. It is not clear, however, that the whole endogenous pool of EB1 proteins is depleted in these cells. Is EB1 the only family member expressed in these cells? Is endogenous EB1 depleted just as well as the tagged protein? The authors should provide appropriate data or remove the statement.
Minor comments: The referencing of literature needs to be significantly updated. On page 2, the authors state that CAMSAP/Patronin are the only proteins known in animal cells that autonomously recognize free microtubule minus ends. This is incorrect -ASP/ASPM is an autonomous minus end binding protein conserved in the animal kingdom (Jiang et al., Nat Cell Biol 2017) . Saying that in vitro CAMSAP2 and 3 "dramatically suppress addition of tubulin subunits to the minus ends" (p. 3, p.8 ) is not accurateJiang et al 2014 showed that minus end growth inhibition in vitro depends on the concentration of CAMSAP2 and CAMSAP3 (note that for some unexplained reason, these in vitro data are not mentioned, and only the vitro work by Hendershott and Vale 2014 on CAMSAP2/3 is cited throughout the paper). The authors also fail to mention that the short size of CAMSAP2 stretches in dividing mammalian cells is due to the negative regulation by katanin and is not an intrinsic property of CAMSAP2 (Jiang et al, 2014 , Jiang et al, 2018 . The statement that CAMSAP2 and 3 "are thought to cap and block minus end growth" (p. 17) is not accurate if the current literature is taken into account -see Atherton et al Nat Struct&Mol Biol 2017. Further, as mentioned above, it would be appropriate to include in the Discussion the recent insights in dendritic microtubule organization in the mammalian system, such as those from the papers Yau et al, J Neurosci 2016 , Tas et al, Neuron 2017 Reviewer #2 (Comments to the Authors (Required)):
This manuscript describes obervations of in vivo minus end growth of MTs regulated by the minusend binding protein patronin in neurons. Such minus end growth has been observed in RPE cells before (Jiang et al 2014) . Furthermore, they demonstrate that the polarity distribution of MTs in dendrites is altered when patronin is either removed or overexpressed indicating that patronin is a regulator of MT orientation in dendrites. Disruption of CAMSAPs has been previously shown in to alter MT orientation. However, here the authors demonstrate that this occurs in a developmental context. What is nice about this work is that it provides a framework for defining orientation of dentritic MTs in neurons at least in Drosophila. Overall, the work is comprehensive and provides key new insights about the function of patronin (CAMSAPs) in assembly of MT structures in neuronal dendrites. Comments 1) "minus end growth". The authors make the assumption that the slow moving EB1-GFP puncta are minus end growth. This is a reasonable assumption since EB1 is known to bind growing ends. But isn't it formally possible that the the lighter EB1 puncta represent some other type of plus end growth, or some sort of MT sliding? My point is that calling it minus end growth is really an inference from the fact that the rate of movement of the EB1 is different and these slower moving EB1 puncta co-localize the GFP labelled patronin/CAMSAP. And the authors clearly state that this is an inference in the text, but in the figures, it is stated as fact. In that light I feel the figures should reflect the fact that these are inference. For example in figure 1L and 1M, how was it determined that the comet should be binned into the plus end or -end? by speed or intensity or a combination of the two. I think the authors are should be labeled based on the data , rather than the interpetation (e.g .puncta speed rather than polymeration speed and bright puncta vs dim puncta instead of plus end and minus end). For example, in M the data must be simply parsed out by intensity, since you are plotting speed. If speed is used in deciding whether a puncta is plus or minus that the data contains circular reasoning.
2) Patronin and EB1 track minus ends independently.
The authors argue that loss of patronin does not effect slow moving EB1 movement in 2I, but argue it does in 3E? Could the authors clarify. In addition, in 2H the authors argue loss of EB1 doesn't not effect patronin-labelled slow movements. Could the authors quantify this since if slow moments are EB1-dependent this might point to the possibility they are something else than a minus end.
Figure 3
What criteria are being used to ID the slow moving (minus end gowth) EB1 particles in figure 3E ? The general property of EB1 binding to minus ends is that it is much less strong than to + ends, yet, in fiugr 3E panel A many of the runs labeled in pink are as intense at the faster moving EB1 puncta. Is an experimenter blind to genotypes scoring the kymographs? In the last panel (BL36659) I am not sure it is fair to argue that there are minus end movements. I am struggling to convince myself that many of the pink labels really mark more than noise. What criteria were used to define the extent/presence of these runs? Figure 4 . The authors argue they can't look at the null because it dies too early. Can't one create mosaics to address this issue (MARCM) ? I see some very long EB1 dim slow runs in both panels of Figure E (patronin mutants). Is there a reduction in slow moments in these mutants? Figure 4 . There is no effect on plus-end out MTs in axons. IS there any patronin in axons? Is there any slow minus end MTgrowth in axons? in wt, and in mutants? Discussion "EB proteins have been used to visualize microtubule plus end growth in neurons since 2003 (Stepanova et al., 2003 , but slow moving dots have not been noted." Figure 3 of Jiang et al 2014 entitled "CAMSAPs Associate with Growing MT Minus-Ends in Cells" clearly show slow moving dots in cell culture. And further they describe them as slow moving EB puncta moving in the (-) direction. They have been noted before.
regarding the potential for sliding of MTs "Indeed our analysis of the speed of minus end movement does not suggest that there is a population of minus ends labeled with either Patronin or EB1 moving at speeds consistent with motor transport." I disagree with this statement. Speeds of low axonal transport (~1mm/day ) are very comparable to the speeds of the slow EB1 puncta. However, the majority of data analyzing slow axonal transport have concluded that slow axonal transport results from rare bouts of fast axonal transport (1 um/sec) and bouts of immobility. Nevertheless if there was a constant velocity transport mechanism with slow axonal velocities, it would be right in the ball park of the slow EB1 puncta movements. Perhaps one should restate this in term of the kinetic parameters of slow movements. minor comments: RNAi labels. Could the authors use Patronin RNA#1, #2, and EB1 RNAi rather than VRDC24451 BL36659 etc in the figures as it makes it less easy to understand.
Reviewer #3 (Comments to the Authors (Required)):
In this manuscript, the authors reported an interesting and intriguing phenomenon of in vivo microtubule growth. They found that EB1 and Patronin positive ends of microtubule undergo slow and persistent growth in the dendrite of drosophila and fish dendrites. They also show that knocking down patronin causes a reduction of the length and duration of this type of growth. Knocking down patronin also lead to defects in MT polarity in mature, developing and regenerating dendrite. Together, they propose that this form of slow minus end growth is responsible for populating dendrites with minus end out microtubules. This proposal is original and definitely interesting. However, the interpretation of the data depends on the assumption that the slow EB1 movements are indeed minus ends of MTs. This assumption is supported by the colocalization data in figure 2. However, this needs to be strengthened because the YFP-Patronin is probably expressed at a level higher than the endogenous level. Later, the authors even show that YFPpatronin expression dramatic affect MT polarity.
In addition, I can find examples form the kymograph that showed slow movements connected to "fast" comets which was be evidence against that the assumption that the slow and fast events represent different ends of MTs. One of such example is in Fig. 3E in the middle panel in the right bottom corner where a short slow segment is in the middle of the fast events before and after the slow events. This suggests that the slow events might be a different behavior of the plus end. Another example is in the left panel of Fig. 3E , on the left side of the kymograph the fourth line from the bottom. Here a fast event changes direction and becomes a slow event. A third example is the left most line in the right panel of 3E.
The authors have built a very useful strain that allows them to visualize EB1 and Patronin at the same time (Fig. 2D ). The data in figure2D are very convincing in showing that EB1 and Patronin are colocalized at the slow movement events. How about when the puncta just start to move from a stationary punctum? Does it always have Patronin at the tip and gain EB1 as the "growth" starts? How about when the "slow" moving streak ends, does Patronin remain at the tip and becomes a stable punctum?
Major comments:
The authors stated that "we were able to detect persistent movement of Patronin dots primarily away from the cell body ( Figure 2C and D) ." What is the percentage of the persistent moving EB1 puncta in anterograde and retrograde directions?
The effect of the patronin knockdown on the "fast" events should be reported in Fig.3. What is the expression level of the transgenic tagged EB1 and patronin compared to the endogenous level? This is important because overexpression of these protein can localize to ectopic locations.
In Figure 4 , when the direction of EB1 was analyzed, were the speed of EB1 comets separated into two groups and only the fast group was counted as "minus end out"? if Patronin is required for the "minus end growth", why should it cause more plus end out MTs in the dendrite?
In Figure 4I , why should patronin affect 1 branch more strongly compared with the other branches? Fig. 6E showed that overexpression of Patronin-YFP causes a dramatic increase in the microtubule polarity . Is this the same transgene as the marker strain used in Fig. 2 ? It would be concerning of the marker causes major changes in MT polarity. Fig. 6G showed that EB1 remains on the non polymerizing MT. How can EB1 behave so differently on the minus end of MTs. Are the authors suggesting that the GTP cap remains in the minus end MTs after growth stops. Can this be experimental tested?
In Fig. 7 , the characterization of EB1 movements in developing dendrites should include the speed and direction like in Fig. 1 .
Minor comments:
The frequency of the event described in Fig. 1G is not stated. it is difficult to tell if this is a coincidence or a commet growing out of a an extending minus end.
On page 9, "In addition, the growth rate of microtubule minus ends was slightly increased with Patronin knockdown (Figure 3A) , which is somewhat consistent with the idea that Patronin reduces minus end growth (Hendershott and Vale, 2014) .". Fig 3B-D showed patronin knockdown strongly reduce the polymerization length and duration of minus ends. These results are not consistent with the Vale paper. It is strange to cite this paper without contrasting these results with the in vitro data.
On page 8, "uarter of minus-end growth events (40 out of 157 traces) lasting longer than 5 minutes ( Figure 3D ). N" should be Figure 3C .
1st Revision -Authors' Response to Reviewers: March 13, 2019
We would like to thank the reviewers for their careful reading of the manuscript and helpful comments and suggestions. In order to address the major points raised we have performed additional experiments. We have also clarified the text and added references where suggested. New data includes:
Slow moving comets in axons ( Figure 1H and I) . Dendrite severing to check polarity of stable microtubules ( Figure 2F and S3A-C) . Steering assay to analyze polarity of stable microtubules ( Figure S3E ). Patronin expressed under endogenous control forms slow-moving puncta that colocalize with slow EB1 dots ( Figure Each of the individual points raised by the reviewers is addressed below.
This is an interesting paper, which represents the first study that suggests that microtubule minus end growth contributes to the generation of microtubule mass in a specific cellular compartment. This summary of the manuscript highlights microtubule mass as a major focus of the manuscript. Although we focus on minus end growth, we connect this facet of microtubule behavior only to determination of polarity, not as a factor that controls the total amount of microtubule polymer in the dendrites. There is substantial data in mammalian cultured neurons that loss of Patronin causes reduced microtubule stability and loss of polymer mass (Yau et al., 2014) . However, this was attributed to reduction in stabilizing the minus end rather than growth, and so changes in polymer mass are unlikely to be directly related to a role for Patronin in promoting processive growth. In addition, there is evidence that in neurons in vivo, changes in microtubule stability are associated with homeostatic transcriptional feedback loops (Massaro et al., 2009; Nechipurenko and Broihier, 2012) again making microtubule mass a tricky output to interpret. We have therefore instead focused on the role in minus end growth and polarity, as these seem to be direct outputs of Patronin function that are not suppressed by MAP kinase inhibitors ( Figure 5 ). We do, however, also include data on levels of stable microtubules labeled with MAP1B/futsch in Supplemental Figure 2A and B.
Previous work has shown that the members of CAMSAP/Patronin family decorate and stabilize growing microtubule minus ends and also slow down microtubule minus end polymerization. In the current study, the authors document the presence of growing microtubule minus ends in fly and zebrafish neurons and demonstrate the importance of fly Patronin for microtubule minus-end-out organization in the dendrites of fly neurons. The study represents a nice addition to the field and, in principle, it would be suited for publication in the Journal of Cell Biology if some major concerns about the data and their description and some minor concerns about literature references were addressed.
Major concerns: 1) The whole paper is written as if every single microtubule in a fly neuron is labeled with EB1 from both ends. The existence of stable microtubule populations, which will be completely invisible with the EB1 marker, is not even discussed. However, it is well known that neurons also contain stable microtubule populations, and that the orientation of stable and dynamic microtubules in dendrites can be different (see, for example, Yau et al, J Neurosci 2016, Tas et al, Neuron 2017 -note that the second study, which is highly relevant to the topic of the paper, is not cited).
The data we present on minus ends is consistent with the idea that there are two types of minus ends: ones generated by nucleation capped with TuRC, and ones generated by severing or breakage capped with CAMSAP/Patronin. Indeed one of our starting points was with localization of Tubulin to dendrite branch points. Our data generally agrees with the model in mammalian neurons: that microtubules in dendrites are generated by nucleation and then a severing protein releases minus ends to be capped by CAMSAP/Patronin (Yau et al., 2014) . What is not clear in any system is how long minus ends stay attached to nucleation sites. But it does seem that the two types of minus ends can compensate for one another; one good example of this is in C. elegans where phenotypes from disrupting either nucleation or Patronin are very weak, but dual disruption unleashes major microtubule disturbance (Wang et al., 2015) . The idea of two types of minus ends is present throughout the manuscript.
Perhaps more at the heart of the comment here is whether there is a stable population of microtubules that is not labeled with EB1-GFP at its plus end. Although this possibility is very difficult to completely exclude, the existing data, including in the two papers mentioned, suggests that there is not such a population. The two papers together suggest, using different assays, that minus-end-out microtubules in mammalian dendrites are more stable than plus-end-out ones in the same compartment (Tas et al., 2017; Yau et al., 2016) . However, the minus-end-out microtubules can still be visualized with +TIPs (Yau et al., 2016) , so even though they are more stable they still have a dynamic plus end. This section from the Yau paper nicely introduces the idea that best explains all the data "Imaging of plus-tip markers provides information about the dynamic ends of microtubules but not about the length of the remaining portion behind the plus end. Therefore, the fraction of comets moving in a specific direction does not directly reflect the fraction of corresponding microtubule orientations in a certain section, because microtubules of different orientations could have different lengths." Thus based on this paper, the simplest model is that the difference between stable and dynamic microtubule populations is simply their length, not whether they have a growing plus end. So in mammalian dendrites, the idea is that the minus-end-out microtubules have a longer stable region behind the dynamic plus end. This is consistent with the fact that axons have very stable microtubules (similar to the stable minus-end-out ones described in dendrites), but these plus ends are still labeled by +TIPs and grow in this compartment (Yau et al., 2016) . The data in the Tas paper was all obtained with fixed microtubules and so does not help resolve whether all microtubules can grow at their plus ends even if they have a long, stable back end. However they do have a nice summary of the overall model in the Discussion: "Existing models of the dendritic microtubule array suggest that microtubules of different orientations are randomly distributed and have a similar composition, often consisting of a stable, chemically modified segment followed by a dynamic, tyrosinated end ( Figure 4C ) (Baas et al., 2016 , Conde and Cáceres, 2009 , Nirschl et al., 2017 ." Their data modifies this model by suggesting that microtubules with similar stability and polarity are bundled, but does not inform on whether the different populations have a dynamic plus end or not.
In our original paper on microtubule polarity in Drosophila neurons we examined the layout of stable microtubules to determine whether there could be a population we missed with +TIP imaging, and the layout of stable microtubules was predicted by the +TIPs (Stone et al., 2008) . We have also looked at turnover of stable microtubules in dendrites using a photoconvertible tubulin, and this indicated that all microtubules are completely depolymerized within four hours in dendrites (Tao et al., 2016) , again suggesting that all microtubules in this compartment have some capacity for dynamics.
However, to directly address the issue of a population of microtubules potentially invisible using +TIP markers, we have performed laser severing experiments similar to those in Yau, 2016 , to probe stable regions of microtubules. This new data is shown in Figure 2F and S3A-C and supports the idea that in control dendrites almost all microtubules are minus-end-out as predicted by EB1-GFP assays. We also developed a new assay to probe polarity of stable regions of microtubules that relies on the previous observation that growing microtubules steer along stable ones at dendrite branch points (Mattie et al., 2010; Weiner et al., 2016) . In this assay the direction that a microtubule grows at a branch point is a readout of the polarity of the stable track it encounters. The data using this assay is shown in Figure S3E and very closely agrees with polarity in control and Patronin RNAi neurons measured with EB1-GFP.
To clarify this point in the manuscript, we added the following statement to the first section of the Results in which plus end dynamics is introduced as an assay for microtubule polarity:
"The polarity measured with plus end dynamics matches overall polarity of microtubules with one exception; in mammalian neurons minus-end-out microtubules are slightly under-represented by dynamic plus ends in dendrites, consistent with minus-end-out microtubules having a longer, more stable region behind the dynamic plus end (Tas et al., 2017; Yau et al., 2016) . In Drosophila dendrites, monitoring dynamic plus ends predicts the layout of all microtubules, including stable regions (Stone et al., 2008) ."
We also brought up this idea again later in the Results section where the new severing and steering data is described.
The least that the authors should do is determine microtubule density in neurons with diminished Patronin expression. In the absence of the data on total microtubules, it is not possible to make any strong conclusions about the effect of Patronin loss on neuronal microtubule organization, and this omission must be rectified. Such data will also greatly help to understand the origin of neuronal stress in Patronin mutants. Furthermore, if the authors cannot obtain any data on the orientation of stable microtubules in the neurons they study, they should meticulously re-write their whole text, sentence by sentence, stating that all their results and conclusions apply only to the growing microtubules, and they have no data on the orientation of stable microtubules and the effects of Patronin on such microtubules.
As described above, total microtubule mass does not need to be related to a function of Patronin in minus end growth. However, we estimated density of stable microtubules in control and Patronin k/d neurons by staining for MAP1B/futsch. These new data are included in Figure S2A and B and show a slight reduction in staining particularly in axons.
We assayed the polarity of stable microtubules in Patronin RNAi neurons using the steering assay described above. The new data in Figure S3E agrees very well with the data on polarity in Figure 4B .
2) The expression of endogenous Patronin should be directly determined in the different mutants used to validate the conclusions about various phenotypes associated with changes in Patronin levels. Characterization of the mutants used and their effect on the protein of interest is the essential cornerstone of any cell/developmental biology project from the outset. Such data are particularly important because the authors propose that they are using hypomorphic mutants and state that Patronin levels normally limit minus-end-out microtubules. The authors should also determine how the levels of fluorescently tagged Patronin in their transgenic lines relate to the level of endogenous Patronin. Since the authors repeatedly emphasize that Patronin levels are critical for controlling microtubule organization in neurons, these levels should be quantified to compare the wild type situation with the transgenic lines and mutants used.
Patronin null alleles are lethal early in development (Nashchekin et al., 2016) , and so we rely on cell-type specific knockdown for most of the analysis. The mutants were used to validate the phenotypes seen with RNAi, and are not central to most of the phenotypic descriptions. One of the mutants has been used already and is described as a strong loss of function hypomorph (Nashchekin et al., 2016) . Because the majority of our experiments rely on knockdown and tagged Patronin, we concentrated our quantitation efforts on RNAi and overexpression. We visualized endogenous expression of Patronin by using a line in which the genomic copy of Patronin is tagged with Venus at its C-terminus (Nashchekin et al., 2016) . We also used a line in which a genomic region that contained the Patronin locus was used to generate EGFP-Patronin (BAC) under control of its own regulatory regions (Takeda et al., 2018) . By comparing fluorescence of these endogenous/own promoter Patronin lines to the tagged transgenes under UAS control (normalizing for Quantum yield of fluorescent proteins used to tag), we estimated the relative expression level of the BAC and UAS transgenes (see Methods and Figure 6G ).
We previously measured RNAi efficiency by monitoring reduction of the UAS-Patronin-YFP transgene and keep this data as it shows that the RNAi lines used are very effective at reducing Patronin levels ( Figure 2H and I). We now supplement this data by determining how RNAi affects levels of endogenous Patronin. In this experiment we performed knockdown in animals in which one endogenous copy of the Patronin gene has the Venus coding sequence inserted into it, so 50% of the total Patronin is visualized. This new analysis indicates that endogenous Patronin is reduced to about 16% of its normal levels by the BL36659 RNAi line ( Figure S1B and C).
3) A key question is whether Patronin-controlled polymerization of microtubule minus ends indeed helps to generate microtubule mass in some parts of dendrites, as the title of the paper suggests. Can the authors exclude that Patronin function is actually to inhibit minus-end depolymerization by stabilizing minus ends and that slow minus-end growth is a by-product of this process, but the actual microtubule mass is generated mostly by the growth of plus ends? If the authors cannot convincingly exclude this possibility, the title and the writing of the paper need to be altered.
As discussed above, we do not wish to argue that Patronin is required to maintain microtubule mass, rather that without it you lose minus-end-out microtubules (and instead the data indicates they are populated by plus-end-out microtubules, to maintain microtubule mass). To try to make it clearer that to focus is on polarity, not mass, we have changed the title from "Patronin-mediated microtubule minus end growth populates dendrites with minus-end-out microtubules" to "Patronin-mediated minus end growth is required for minus-end-out polarity of dendritic microtubules." We have also clarified the text throughout. 4) On page 8, the authors conclude that Patronin tracks microtubule minus ends independently of EB1. It is not clear, however, that the whole endogenous pool of EB1 proteins is depleted in these cells. Is EB1 the only family member expressed in these cells? Is endogenous EB1 depleted just as well as the tagged protein? The authors should provide appropriate data or remove the statement.
The EB1 RNAi hairpins we express are certainly very effective at eliminating tagged EB1 proteins from neurons. We now add EB1 staining and show that signal is undetectable in neurons expressing EB1 RNAi hairpins ( Figure S1D ).
In Drosophila only one EB family member has been characterized. There are two additional uncharacterized predicted proteins that have the CH domain and EB1 C-terminal domain characteristic of the family. 1. The closest family member to EB1, CG32371, is expressed primarily in the testis and does not yield microtubule phenotypes in neurons when targeted by RNAi (Mattie et al., 2010) . 2. CG18190 is primarily expressed in the ovary and has never been associated with any phenotypes. The following statement was added to the text to clarify this point: "Two other proteins that contain the CH and EB1 C-terminal domain characteristic of EB proteins are encoded in the Drosophila genome. CG32371 is expressed primarily in the testis and CG18190 in the ovary (Chintapalli et al., 2007) and neither gene has been associated with any phenotypes, so EB1 is most likely the major EB protein in neurons."
Minor comments:
The referencing of literature needs to be significantly updated. On page 2, the authors state that CAMSAP/Patronin are the only proteins known in animal cells that autonomously recognize free microtubule minus ends. This is incorrect -ASP/ASPM is an autonomous minus end binding protein conserved in the animal kingdom (Jiang et al., Nat Cell Biol 2017) . Saying that in vitro CAMSAP2 and 3 "dramatically suppress addition of tubulin subunits to the minus ends" (p. 3, p.8 ) is not accurate -Jiang et al 2014 showed that minus end growth inhibition in vitro depends on the concentration of CAMSAP2 and CAMSAP3 (note that for some unexplained reason, these in vitro data are not mentioned, and only the vitro work by Hendershott and Vale 2014 on CAMSAP2/3 is cited throughout the paper). The authors also fail to mention that the short size of CAMSAP2 stretches in dividing mammalian cells is due to the negative regulation by katanin and is not an intrinsic property of CAMSAP2 (Jiang et al, 2014 , Jiang et al, 2018 . Thank you for these suggestions! We have updated the text with the references suggested. The reason for mentioning the in vitro in the Hendershott paper more than the Jiang paper was simply that only the Hendershott paper includes data on Drosophila Patronin, and in some places the data on kinesin-13 from the Hendershott paper was referenced. Where comments are broader and include mammalian CAMSAP proteins we have now made sure to use both references.
Reviewer #2 (Comments to the Authors (Required)):
This manuscript describes obervations of in vivo minus end growth of MTs regulated by the minus-end binding protein patronin in neurons. Such minus end growth has been observed in RPE cells before (Jiang et al 2014) . Furthermore, they demonstrate that the polarity distribution of MTs in dendrites is altered when patronin is either removed or overexpressed indicating that patronin is a regulator of MT orientation in dendrites. Disruption of CAMSAPs has been previously shown in to alter MT orientation. However, here the authors demonstrate that this occurs in a developmental context. What is nice about this work is that it provides a framework for defining orientation of dentritic MTs in neurons at least in Drosophila. Overall, the work is comprehensive and provides key new insights about the function of patronin (CAMSAPs) in assembly of MT structures in neuronal dendrites. Comments 1) "minus end growth". The authors make the assumption that the slow moving EB1-GFP puncta are minus end growth. This is a reasonable assumption since EB1 is known to bind growing ends. But isn't it formally possible that the the lighter EB1 puncta represent some other type of plus end growth, or some sort of MT sliding? My point is that calling it minus end growth is really an inference from the fact that the rate of movement of the EB1 is different and these slower moving EB1 puncta co-localize the GFP labelled patronin/CAMSAP. And the authors clearly state that this is an inference in the text, but in the figures, it is stated as fact. In that light I feel the figures should reflect the fact that these are inference. For example in figure 1L and 1M, how was it determined that the comet should be binned into the plus end or -end? by speed or intensity or a combination of the two. I think the authors are should be labeled based on the data , rather than the interpetation (e.g .puncta speed rather than polymeration speed and bright puncta vs dim puncta instead of plus end and minus end). For example, in M the data must be simply parsed out by intensity, since you are plotting speed. If speed is used in deciding whether a puncta is plus or minus that the data contains circular reasoning.
The reviewer makes a good point! We call the slow moving dots minus ends before we provide all of the evidence that is what they are. We now first define the two types of EB1 dots based on speed, and use a cutoff of 1.6 microns/minute for Drosophila and 1.3 microns per minute for zebrafish. Using this categorization, we then go on to show that the slow dots have a different direction of movement and are also labeled with Patronin. We now use speed to bin moving dots throughout rather than any assumption about what we are looking at.
2) Patronin and EB1 track minus ends independently. The authors argue that loss of patronin does not effect slow moving EB1 movement in 2I, but argue it does in 3E? Could the authors clarify. In addition, in 2H the authors argue loss of EB1 doesn't not effect patroninlabelled slow movements. Could the authors quantify this since if slow moments are EB1-dependent this might point to the possibility they are something else than a minus end.
Our initial description of Figure 2H and I was confusing. The point there is to show that Patronin does not need EB1 to accumulate in slow-moving puncta, not that the behavior of the puncta is the same. We have rewritten the text to make it clearer.
As suggested, we have now performed quantitation of Patronin puncta when EB1 is reduced. This data is shown in Figure S1E and F and indicates that when EB1 levels are reduced the speed of minus end polymerization is decreased, but the duration of polymerization is not changed.
Figure 3
What criteria are being used to ID the slow moving (minus end growth) EB1 particles in figure 3E ? The general property of EB1 binding to minus ends is that it is much less strong than to + ends, yet, in fiugr 3E panel A many of the runs labeled in pink are as intense at the faster moving EB1 puncta. Is an experimenter blind to genotypes scoring the kymographs? In the last panel (BL36659) I am not sure it is fair to argue that there are minus end movements. I am struggling to convince myself that many of the pink labels really mark more than noise. What criteria were used to define the extent/presence of these runs? EB1 puncta are initially identified in movies and then confirmed by generating a kymograph. The procedure is now described in the Methods. Only puncta that move processively and so cannot be noise are called. The example image used for the last panel in 3E did not show up well, and so we replaced it with a better one.
The intensity issue mentioned is something we do not understand. EB1-GFP generates the cleanest labeling of puncta and the best kymographs and movies. We have generated several red versions of EB1 and none of them behave as nicely (in terms of brightness and puncta vs lattice labeling). The data in Figure 3E was generated with our best red EB1, but it is still not as photostable or clear as the GFP versions. And, as the reviewer noted, the slow and fast comets seem to have similar intensity with this RFP version, and with the GFP one the plus end is brighter as expected. This issue is now mentioned in the Results. Figure 4 . The authors argue they can't look at the null because it dies too early. Can't one create mosaics to address this issue (MARCM) ? I see some very long EB1 dim slow runs in both panels of Figure E (patronin mutants). Is there a reduction in slow moments in these mutants?
The reviewer is correct; we could use MARCM to generate mosaics. However, to generate MARCM lines with different markers including EB1-GFP is very labor intensive and would take many months. However, we have extended the analysis using the hypomorphs including analyzing slow puncta behavior. This new data is shown in Figure S4A -D and shows that as in the RNAi neurons, extended movement of slow dots is dramatically reduced. Figure 4 . There is no effect on plus-end out MTs in axons. IS there any patronin in axons? Is there any slow minus end MTgrowth in axons? in wt, and in mutants?
We have added images of slow dots in axons in Figure 1H and I. The slow dots look qualitatively similar to those in dendrites, but quantitation relies on very high quality movies. The axons are not anchored to the epidermis like the dendrites and so the types of movies needed to deeply analyze minus end behavior could not be obtained with our imaging setup. Yes, this paper does have a nice example of CAMSAP1 labeling a growing minus end in an RPE cell. And the reviewer is correct; the wording we used was misleading. We have now clarified that we are talking specifically about neurons here.
regarding the potential for sliding of MTs "Indeed our analysis of the speed of minus end movement does not suggest that there is a population of minus ends labeled with either Patronin or EB1 moving at speeds consistent with motor transport." I disagree with this statement. Speeds of low axonal transport (~1mm/day ) are very comparable to the speeds of the slow EB1 puncta. However, the majority of data analyzing slow axonal transport have concluded that slow axonal transport results from rare bouts of fast axonal transport (1 um/sec) and bouts of immobility. Nevertheless if there was a constant velocity transport mechanism with slow axonal velocities, it would be right in the ball park of the slow EB1 puncta movements. Perhaps one should restate this in term of the kinetic parameters of slow movements.
Yes, that is a good point. I was only considering fast transport of small microtubule fragments. I removed the sentence as it was a side point and oversimplified. minor comments: RNAi labels. Could the authors use Patronin RNA#1, #2, and EB1 RNAi rather than VRDC24451 BL36659 etc in the figures as it makes it less easy to understand.
Good idea! We have changed the labels throughout the figures.
In this manuscript, the authors reported an interesting and intriguing phenomenon of in vivo microtubule growth. They found that EB1 and Patronin positive ends of microtubule undergo slow and persistent growth in the dendrite of drosophila and fish dendrites. They also show that knocking down patronin causes a reduction of the length and duration of this type of growth. Knocking down patronin also lead to defects in MT polarity in mature, developing and regenerating dendrite. Together, they propose that this form of slow minus end growth is responsible for populating dendrites with minus end out microtubules. This proposal is original and definitely interesting. However, the interpretation of the data depends on the assumption that the slow EB1 movements are indeed minus ends of MTs. This assumption is supported by the colocalization data in figure 2. However, this needs to be strengthened because the YFP-Patronin is probably expressed at a level higher than the endogenous level. Later, the authors even show that YFP-patronin expression dramatic affect MT polarity.
We now include data with additional tagged Patronin constructs including one tagged at the endogenous locus and one under control of its own promoter, but at a different location in the genome. We observed similar behavior of slow puncta with these transgenes. The new data is included in Figure 2G and S1A. It is also important to note that many of the experiments were performed in neurons that did not express tagged Patronin at all.
We have gone back and checked through all the movies to confirm that our initial interpretation was correct.
The authors have built a very useful strain that allows them to visualize EB1 and Patronin at the same time (Fig. 2D) . The data in figure2D are very convincing in showing that EB1 and Patronin are colocalized at the slow movement events. How about when the puncta just start to move from a stationary punctum? Does it always have Patronin at the tip and gain EB1 as the "growth" starts? How about when the "slow" moving streak ends, does Patronin remain at the tip and becomes a stable punctum?
The stable puncta do not interconvert with moving ones. The stable ones are more abundant when YFPPatronin is overexpressed and so may be an expression artifact. For this reason, we only focused on the moving ones.
This data is shown in Figure 1B for slow puncta in flies and 1L for fish.
The effect of the patronin knockdown on the "fast" events should be reported in Fig.3 .
We have performed this analysis as suggested and the data is shown in Figure S2C -E. Patronin reduction does not affect plus end polymerization length and only mildly affects polymerization duration. Knockdown does increase polymerization speed as it does for minus ends (S2D). This might be a result of changes in the free tubulin pool available for polymerization.
What is the expression level of the transgenic tagged EB1 and patronin compared to the endogenous level? This is important because overexpression of these protein can localize to ectopic locations.
Yes! And we are very lucky that other labs generated tagged Patronin lines that could help us address this. We now use two additional Patronin lines: 1. Patronin-Venus: The stop codon of the Patronin gene was used as a recombination site to insert the Venus coding sequence, so that the genomic Patronin locus encodes a tagged protein (Nashchekin et al., 2016) . 2. EGFP-Patronin: A BAC containing the Patronin gene and surrounding regions was modified so that the EGFP coding sequence was inserted at the 5' end of the Patronin gene and then inserted into the Drosophila genome to generate flies that contain an extra copy of EGFP-Patronin under control of its own regulatory regions (Takeda et al., 2018) . We compared the fluorescence of these two transgenes to our UAS-YFP-Patronin, and taking into account the differences in fluorophore properties, were able to estimate that our UAS-YFP-Patronin expresses at levels similar to two copies of the endogenous Patronin ( Figure 6G ).
We imaged both endogenously controlled tagged transgenes in neurons and confirmed that slow moving dots like those we saw with YFP-Patronin were also seen with these ( Figure 2G and S1A).
We previously characterized microtubule behavior with different levels of overexpressed EB1 (Mattie et al., 2010) and are using low expression levels here. We do show that even without EB1, Patronin labels slow moving dots that extend for a long time period ( Figure 2K ) and so it is unlikely that the phenomena we describe can be attributed to overexpression of EB1.
Yes, we now explicitly bin the EB1 puncta based on speed throughout the manuscript and in this figure are only looking at the fast moving comets to measure polarity. In figure 4 we plot the fraction of minus-end-out microtubules not total number of minus-end-out and plus-end-out microtubules, so what we are showing is that we are changing the ratio. But yes, you can see from the kymographs that in the control there are almost no plus-end-out microtubules, while in Patronin RNAi there are plenty of plus-end-out microtubules. I think that the data shown in Figure 7 suggest one way to think about the presence of plus-end-out microtubules when Patronin is reduced. During development dendrites begin with plus-end-out microtubules, and Patronin helps minus-end-out microtubules get added into dendrites and eventually replace the plusend-out ones. Without Patronin it seems you simply keep the plus-end-out microtubules. The other piece of the puzzle is that the overall amount of microtubule polymer as well as microtubule stability are likely tightly controlled by homeostatic processes, and so if you cannot add minus-end-out microtubules during development then you maintain overall levels of microtubules by keeping plus-end-out ones.
In Figure 4I , why should patronin affect 1 branch more strongly compared with the other branches? This is a super interesting question!! I think I know the answer, but at this point it would be a guess and I think it will be a whole other story… I will try to explain here, but think it is too speculative, not to mention complicated, to be added to this manuscript. During development polarity is mixed early on, and Patronin helps bias things towards minus-end-out. We have previously identified one positive feedback loop that reinforces the predominant polarity by using stable microtubules to direct growing ones (Mattie et al., 2010; Weiner et al., 2016) , and think that there is at least one more. My hypothesis is that the positive feedback loops are activated as the dendrites start to mature and will reinforce the majority polarity at the time they are turned on. So in the normal situation, all dendrite branches would be predicted to have over 50% minus-end-out microtubules when the positive feedback loops kick on. With the reduced ability to get minus ends out into dendrites in Patronin RNAi, I think that some of the branches are under 50% minus-end-out when the positive feedback loop is activated and some are over, and so some will be reinforced to all plus-end-out and others to all minus-end-out based on their status at the time of feedback loop activation. We are currently working with a math group to model dendritic microtubule polarity to see if this hypothesis is consistent with the experimental data. Fig. 6E showed that overexpression of Patronin-YFP causes a dramatic increase in the microtubule polarity . Is this the same transgene as the marker strain used in Fig. 2 ? It would be concerning of the marker causes major changes in MT polarity. This is the same transgene used in Figure 2 . But yes, it indicates that the UAS-YFP-Patronin is not inert, and does elicit a polarity phenotype-although not in the region of the dendrite we typically use to analyze polarity. Luckily, we can observe slow puncta with EB1-GFP in the absence of Patronin overexpression, and now also have endogenous tagged Patronin, to confirm that the behaviors we describe are not all due to extra Patronin. Fig. 6G showed that EB1 remains on the non polymerizing MT. How can EB1 behave so differently on the minus end of MTs. Are the authors suggesting that the GTP cap remains in the minus end MTs after growth stops. Can this be experimental tested? This is an interesting point! We see this behavior or EB1 only at dendrite tips, and it is actually similar to the behavior of plus ends that encounter the cell cortex, which we now mention briefly in the manuscript. For example, CLASP1 and 2 have been shown to facilitate EB1-plus end pausing in some mammalian cell types (Mimori-Kiyosue et al., 2005) . The description of the phenomenon seen with plus ends in this first paper on the topic is: "In many cases, EB1 signals at the periphery of control cells appeared rather static, while their intensity varied greatly. This could be explained if pausing MTs or MTs, which started to depolymerize, retained small amounts of EB1, whereas the enhancement of EB1 signal would correlate with MT growth." Something similar may happen when growing minus ends encounter proteins at the dendrite tip.
In developing embryos, we cannot get the same quality EB1-GFP movies that we can in the larvae shown in Figure 1 . While we can get enough information to use the plus ends to show polarity ( Figure 7B ), and we can see that there are growing minus ends present ( Figure 7C ), we cannot get enough information to quantitate minus end behavior so only the direction of the fast moving plus ends is shown here.
Minor comments:
The frequency of the event described in Fig. 1G is not stated. it is difficult to tell if this is a coincidence or a commet growing out of a an extending minus end. This is a rare event, but we do have multiple examples that convince everyone who watches the movies that it is the plus end and minus end growth are coupled. There are also some examples at dendrite tips in 6G although these are not as pretty as they use the red EB1.
On page 9, "In addition, the growth rate of microtubule minus ends was slightly increased with Patronin knockdown ( Figure 3A) , which is somewhat consistent with the idea that Patronin reduces minus end growth (Hendershott and Vale, 2014) .". Fig 3B-D showed patronin knockdown strongly reduce the polymerization length and duration of minus ends. These results are not consistent with the Vale paper. It is strange to cite this paper without contrasting these results with the in vitro data.
The discrepancy in behavior is very striking and is treated in the Discussion as well as elsewhere.
On page 8, "quarter of minus-end growth events (40 out of 157 traces) lasting longer than 5 minutes ( Figure  3D) . N" should be Figure 3C . Figure 3C shows the overall data and 3D shows the data binned with a 5-minute cutoff, so this should be OK. Dear Dr. Rolls, Thank you for submitting your revised manuscript entitled "Patronin-mediated minus end growth is required for minus-end-out polarity of dendritic microtubules". Your revised manuscript was evaluated by two of the three original reviewers and their comments are attached to this letter. The first reviewer was quite happy with your revision. The second reviewer (#3) has a few remaining concerns, the vast majority of which you should be able to address with textual modifications or additions to figures using data that you must have available. It would be especially helpful to amplify the argument that abnormal levels of patronin expression do not impact your conclusions. As I peruse this reviewer's comments, I think the most important points concern Figure 3E and Figure  2K , especially the latter where this reviewer requests additional data inclusion.
Although I do not think this revision is ready for final acceptance, I am optimistic about the final disposition of a revision that takes the time to address reviewer #3's comments carefully. Our general policy is that papers are considered through only one revision cycle; however, given that the suggested changes are relatively minor, we are open to one additional short round of revision. If we get a letter that clearly details your changes and a marked version of the new revision to facilitate my review, we will do our very best to make a final decision without returning the manuscript to reviewers.
Please submit the final revision within one month, along with a cover letter that includes a point by point response to the remaining reviewer comments.
Thank you for this interesting contribution to Journal of Cell Biology. You can contact me or the scientific editor listed below at the journal office with any questions, cellbio@rockefeller.edu or call (212) 327-8588.
The authors have very thoroughly revised the manuscript and nicely addressed all the reviewer comments. The manuscript makes an excellent contribution to the field, and in the current form is certainly suitable for publication in J Cell Biology.
Reviewer #3 (Comments to the Authors (Required)): [Note from the editors: The new comments from Rev#3 inserted in your point-by-point response below are preceded by ">>".]
The authors have provided new evidence to supported their model that minus end MT growth gives rises to the minus end out MTs in dendrites. In particular the Patr knockin animals is a big step towards resolving the potential over expression effects. I feel that the authors should take advantage of this knockin reagents and do a few more experiments to make sure that their story is the same with this construct. Additionally, a EB1 knockin would be even better. If these results confirms their findings, I recommend swift publication and highlight by news and views. Detailed comments as below. I highlighted my comments in red.
We now include data with additional tagged Patronin constructs including one tagged at the endogenous locus and one under control of its own promoter, but at a different location in the genome. We observed similar behavior of slow puncta with these transgenes. The new data is included in Figure 2G and S1A. It is also important to note that many of the experiments were performed in neurons that did not express tagged Patronin at all. >>This comment is adequately addressed.
We compared the fluorescence of these two transgenes to our UAS-YFP-Patronin, and taking into account the differences in fluorophore properties, were able to estimate that our UAS-YFPPatronin expresses at levels similar to two copies of the endogenous Patronin ( Figure 6G ).
>>Fig. 2K only showed on kymograph. It would be helpful to quantify the polymerization length, frequency and compare them to the transgene to make sure that the endogenous expressed constructs behave the same way as the transgenes with which the vast majority of the experiments were performed.
Yes, we now explicitly bin the EB1 puncta based on speed throughout the manuscript and in this figure are only looking at the fast moving comets to measure polarity. In figure 4 we plot the fraction of minus-end-out microtubules not total number of minus-end-out and plus-end-out microtubules, so what we are showing is that we are changing the ratio. But yes, you can see from the kymographs that in the control there are almost no plus-end-out microtubules, while in Patronin RNAi there are plenty of plus-end-out microtubules. I think that the data shown in Figure 7 suggest one way to think about the presence of plus-end-out microtubules when Patronin is reduced. During development dendrites begin with plus-end-out microtubules, and Patronin helps minusend-out microtubules get added into dendrites and eventually replace the plus-end-out ones. Without Patronin it seems you simply keep the plus-end-out microtubules. The other piece of the puzzle is that the overall amount of microtubule polymer as well as microtubule stability are likely tightly controlled by homeostatic processes, and so if you cannot add minus-end-out microtubules during development then you maintain overall levels of microtubules by keeping plus-end-out ones.
>>Great.
In Figure 4I , why should patronin affect 1 branch more strongly compared with the other branches? This is a super interesting question!! I think I know the answer, but at this point it would be a guess and I think it will be a whole other story... I will try to explain here, but think it is too speculative, not to mention complicated, to be added to this manuscript. During development polarity is mixed early on, and Patronin helps bias things towards minus-endout. We have previously identified one positive feedback loop that reinforces the predominant polarity by using stable microtubules to direct growing ones (Mattie et al., 2010; Weiner et al., 2016) , and think that there is at least one more. My hypothesis is that the positive feedback loops are activated as the dendrites start to mature and will reinforce the majority polarity at the time they are turned on. So in the normal situation, all dendrite branches would be predicted to have over 50% minus-end-out microtubules when the positive feedback loops kick on. With the reduced ability to get minus ends out into dendrites in Patronin RNAi, I think that some of the branches are under 50% minus-end-out when the positive feedback loop is activated and some are over, and so some will be reinforced to all plus-end-out and others to all minus-end-out based on their status at the time of feedback loop activation. We are currently working with a math group to model dendritic microtubule polarity to see if this hypothesis is consistent with the experimental data. >>Great. Fig. 6E showed that overexpression of Patronin-YFP causes a dramatic increase in the microtubule polarity . Is this the same transgene as the marker strain used in Fig. 2 ? It would be concerning of the marker causes major changes in MT polarity. This is the same transgene used in Figure 2 . But yes, it indicates that the UAS-YFP-Patronin is not inert, and does elicit a polarity phenotype-although not in the region of the dendrite we typically use to analyze polarity. Luckily, we can observe slow puncta with EB1-GFP in the absence of Patronin overexpression, and now also have endogenous tagged Patronin, to confirm that the behaviors we describe are not all due to extra Patronin. Fig. 6G showed that EB1 remains on the non polymerizing MT. How can EB1 behave so differently on the minus end of MTs. Are the authors suggesting that the GTP cap remains in the minus end MTs after growth stops. Can this be experimental tested? This is an interesting point! We see this behavior or EB1 only at dendrite tips, and it is actually similar to the behavior of plus ends that encounter the cell cortex, which we now mention briefly in the manuscript. For example, CLASP1 and 2 have been shown to facilitate EB1-plus end pausing in some mammalian cell types (Mimori-Kiyosue et al., 2005) . The description of the phenomenon seen with plus ends in this first paper on the topic is: "In many cases, EB1 signals at the periphery of control cells appeared rather static, while their intensity varied greatly. This could be explained if pausing MTs or MTs, which started to depolymerize, retained small amounts of EB1, whereas the enhancement of EB1 signal would correlate with MT growth." Something similar may happen when growing minus ends encounter proteins at the dendrite tip.
>>Thanks.
>>This is quite interesting. The results should be discussed in the text. These result suggest that the contribution of Patr only becomes significant in late stages.
On page 8, "quarter of minus-end growth events (40 out of 157 traces) lasting longer than 5 minutes ( Figure 3D) . N" should be Figure 3C . Figure 3C shows the overall data and 3D shows the data binned with a 5-minute cutoff, so this should be OK. Thank you for sending the comments from Reviewers 1 and 3 on the revised version of our manuscript. I am very happy to see that reviewer 1 feels the updated manuscript now "makes an excellent contribution to the field." Although reviewer 3 has a few final questions it also seems they think that the story will have an important impact as they "recommend swift publication and highlight by news and views." In an effort to resolve these last questions, we have followed your guidance and focused on those regarding Figures 3E and 2K .
The concern about Figure 2K from the reviewer is: " Fig. 2K only showed one kymograph. It would be helpful to quantify the polymerization length, frequency and compare them to the transgene to make sure that the endogenous expressed constructs behave the same way as the transgenes with which the vast majority of the experiments were performed." Response: Figure 2K shows a kymograph from a neuron expressing YFP-Patronin. Most of the analyses in the main text of minus end behavior are generated from neurons that do not express any tagged Patronin, but only contain tagged EB1. We now include quantitation of minus end behavior from neurons expressing YFP-Patronin and also EGFP-Patronin in Figure  S2 . Additional kymographs with both of these transgenes have also been added to S2. In the previous version of the manuscript we reported that reduction of Patronin with RNAi slightly increased the speed of minus end growth, and now we show that slight overexpression of Patronin decreases growth speed. Overall, measurement of minus end parameters using tagged EB1 as well as YFP-Patronin and EGFP-Patronin are consistent with Patronin being required for extended periods of minus end growth and also slightly slowing growth rate.
For Figure 3E the reviewer is concerned that slow and fast-moving puncta going in opposite directions interconvert with one another. The kymograph that elicited this concern is shown below together with some explanatory annotation and supporting images. The reviewer noted events including those pointed out with green arrows in which a fast comet stops and a slow moving one starts and moves in the opposite direction. As examples of how this can happen these two events are explained in detail here: Event 1: a plus end (line that ends at top green arrow) undergoes catastrophe when it enters the branch point (see area indicated with orange arrow in right image). Shortly afterwards a minus end initiates growth within the branch point. Branch points are busy with microtubules coming from different directions (periphery and main trunk) and often contain overlapping events as they are sites of catastrophe caused by collision with branch point walls (Weiner et al., 2016) and also sites of nucleation (Nguyen et al., 2014) . Event 2: It is very difficult to capture everything happening in a Movie in a single panel kymograph. For the analysis movies as well as multiple kymographs from each movie were generated. One kymograph was generated with a line width of 1 pixel and one with a width of three pixels. Only one image can be shown in the actual figures. In the example indicated with the lower green arrow, the kymograph generated with 1 pixel width does not capture the complete minus end. In the middle kymograph, the minus end that the reviewer thought started from the plus end can actually be seen to originate long before the plus end stops growing (see longer line 2 in middle panel). We have added additional description to the Methods about how the kymographs were generated and the analysis performed.
